Telangiectasias and varicose veins have been linked to chronic venous valvular insufficiency causing great saphenous vein (GSV) reflux. GSV diameter-reflux correlations were determined in women C1 and/or C2 and unilateral GSV reflux. Subgroups were: i) bilateral C1/C1 (n=106) and ii) refluxing GSV C2/contralateral nonrefluxing C1 or C2 (n=50). GSV included saphenofemoral junction (SFJ), GSV, and major veins in and out of the saphenous compartment at knee and calf. Prevalence and diameters were compared by Chi-square and paired t-test. Reflux prevalence at junction, thigh and calf were 5%, 26% and 71% of 106 refluxing C1 extremities, and 18%, 44% and 72% of 50 refluxing C2 extremities (P=0.007, 0.03, 0.87). Significant diameter increase compared to contralateral nonrefluxing segment (P<0.05) were at: C2 junction, 7.9±1.8 vs 6.6±1.5 mm, and C2 mid-thigh, junction refluxing or not, 4.8±1.1 vs 3.6±1.0 or 4.1±0.8 vs 3.6±0.7 mm. Calf GSV diameters averaged 2.5 to 2.7 mm if reflux was below-knee. Unilateral reflux occurred in calf veins without correlation to diameter. Enlarged diameters were noted in refluxing SFJ and thigh GSV of women with varicose veins.
Introduction
Telangiectasias and varicose veins have been linked to chronic venous insufficiency (CVI), or more specifically, to chronic venous valvular insufficiency (CVVI) and great saphenous vein (GSV) reflux. [1] [2] [3] This investigation focused specifically in women with early stages of CVVI characterized by C1, simple C2 and Pr classifications only. In particular, the great saphenous vein system (GSV), comprised of the GSV in the proper compartment and major axial, parallel veins in and out of the saphenous compartment at the knee and calf levels, was evaluated.
Duplex ultrasonography has become the practical standard for diagnosis, pretreatment mapping, peri-treatment imaging, and patient follow-up of CVVI conditions. International consensus has described basic principles, related anatomy and follow-up protocols. [4] [5] [6] Minimally invasive techniques have expanded the scope of treatment of affected veins, most commonly of superficial varicose veins, telangiectasias, and, in particular, of the refluxing GSV. [7] [8] [9] [10] [11] [12] [13] [14] GSV diameter measurements have become essential to complement evaluation of reflux and to help in treatment planning. [14] [15] [16] [17] Foam volume should depend on vein diameter, for example. 14 Our initial report on GSV diameter and prediction of reflux was not based on an early disease, uniform, sample population. 15 Our analyses for quality control of the vascular laboratory tried to improve precision in relation to female gender and clinical CEAP classes C1 and/or C2. 2, 3, 18 This report centered on women with reflux in only one lower extremity. The objectives were to determine patterns of GSV reflux, to relate location of reflux and venous diameter, and to determine possible differences once the extremity developed varicose veins besides spider veins or telangiectasias. 
Materials and Methods

Inclusion criterion
Women with unilateral GSV reflux and CEAP clinical classification C1 and/or C2 entered the study. Men were excluded. Seven cases of extremities with non-severe edema but conditional swelling, and two cases with GSV reflux in the C1extremity but non-refluxing GSV in the contralateral C2 extremity were also excluded. Individual data were sequentially extracted from 353 archives automatically created according to standard laboratory protocol.
Sample patient population
Two subgroups were formed: i) C1 subgroup: actually, a C1/C1 subgroup, with 106 women who had telangiectasias in both legs but GSV reflux in only one. Average age of this subgroup was 42±13 years old, ranging from 23 to 79; ii) C2 subgroup: actually, a C2/C1-C2 subgroup with 50 women who had reflux in an extremity with varicose veins but no reflux in the other extremity with telangiectasias and/or varicose veins. Average age of this subgroup was higher, 49±12 years old, ranging from 21 to 79 (P=0.001).
Duplex Doppler ultrasonography
Duplex Doppler, color-flow ultrasonography was performed with Siemens Acuson Antares and Siemens Acuson X700 instruments and 7-10 MHz transducers. Patient was examined standing. The great saphenous vein (GSV) was scanned in its entire length, continuously. Reflux time greater than 0.5 sec and diameters were measured standing, even if an unsettled patient had to rest for a while to maintain the orthostatic position. Hand compression/decompression Practical experience recommended that GSV included the major, continuous, refluxing axial vein at the knee and calf level, even if the refluxing segment was not in the saphenous compartment for its entire length. Therefore, the GSV system included the saphenofemoral junction (SFJ), the GSV proper at the thigh, knee and calf, and/or the major collateral forming the major axis at the knee and calf levels (example: inclusion of the posterior accessory arch as part of the GSV system).
Refluxing segments in and out of the great saphenous compartment were noted; such information was not provided for veins without reflux. Patterns of reflux included: i) diffuse from SFJ to ankle; ii) proximal from SFJ to thigh, knee or calf; iii) segmental at the thigh, knee and/or calf levels but excluding SFJ; iv) multi segmental either including or not the SFJ; v) distal from thigh, knee or calf to ankle; and vi) perijunction as a nonfemoral to GSV reflux. Detailed mappings were shown in Engelhorn et al. 19 Diameters measured at the junction, proximal, mid and distal thigh, knee and proximal, mid and distal calf were reported. Statistical analysis focused on junction, thigh and calf representative measurements.
The final reported included a complete saphenous vein diagram with nonsaphenous veins additions as needed. Distances related to source, drainage and perforating vein positioning were indicated longitudinally and circumferentially. Such diagram was designed to minimize or shorten preoperative mapping. Past experience, however, indicated that mapping in the standing and operative or treatment positions may vary slightly but sometimes significantly for precise localization.
20 Figure 1 is a simplified example of a perforator to tributary GSV calf segment reflux. Although the figure shows a case with a perforating vein as source of reflux, our data analysis indicated that tributary veins were the most common source of saphenous vein reflux in C2 patients. 21 Differences in type of reflux source were not part of this analysis.
Data analysis
Prevalence of reflux patterns was estimated. Prevalence was compared using Chi-square statistics. Descriptive statistics included mean, standard deviation, maximum and minimal diameters for each location. Average diameters from refluxing versus non-refluxing extremity were compared using paired t-test. Table 1 describes the prevalence of reflux patterns for the two subgroups. Subgroup C2 had significantly higher prevalence of SFJ and GSV thigh segment reflux than subgroup C1. The most common place of GSV reflux, however, was in the calf segment of both subgroups. Table 2 documents diameters of the two subgroups with reflux in C1 and C2 extremities separately. Diameters of GSV with reflux in the calf segment of limbs with telangiectasias or with varicose veins were not significantly different than corresponding contralateral diameters in a non-refluxing GSV. Significant diameter differences of about 0.3 mm were noted at the GSV thigh segment of C1 women with GSV reflux starting at the thigh level. Refluxing GSV mid-thigh to knee segment diameters dilated even more in the varicose vein limbs, the difference to the contralateral vein being about 0.5 to 0.8 mm.
Results
Junction reflux prevalence was too small, particularly in the C1 subgroup. The differences in junction and thigh diameters in the C2 subgroup, however, were significant to warrant an observation. On average, refluxing veins were 1.3 to 1.1 mm larger in diameter than non-refluxing contralateral GSVs at and above the knee. These differences could be clearly noticed in ultrasonographic practice.
Discussion and Conclusions
A few significant concepts were emphasized with this investigation: i) GSV reflux in early CVVI of women with telangiectasias or with simple varicose veins was predominant in the calf segment; ii) saphenofemoral reflux had low prevalence, particularly in the subgroup with telangiec- tasias; iii) GSV reflux in the calf failed to dilate such vein significantly when compared to the contralateral GSV; iv) diameter dilatations could be detected if reflux affected the thigh segment of the GSV, particularly in the limbs with varicose veins; and v) diameter dilatations could be easily documented if reflux affected the junction of limbs with varicose veins. The total number of patients entered in this analysis represented 44% (156/353) of the reports surveyed for their selection. The percentage of normal extremities, 22%, was not that different from the prevalence of normal great saphenous evaluations reported previously for C2 (23%) subpopulation. 3 It may represent a general estimate of normal examinations performed in this vascular laboratory. In contrast, the percentage of normal saphenous previously reported for C1 subpoplations was 56%. 2 A word of caution is needed to emphasize that these subpopulations prevalence data from a vascular laboratory does not represent disease prevalence per se. The women studied had questionable veins and complaints leading to an ultrasound examination. Relationships, or lack of them, between saphenous reflux and varicose veins or telangiectasias were not investigated. As a curiosity, however, we have already published a color doppler imaging sequence linking a new telangiectasia by history to thrombus inside a previously ablated saphenous vein (confer. Figure 3 in Salles-Cunha et al. 22 ) Furthermore, this analysis of saphenous vein reflux in C1 women was dictated by an international consensus classification indicating C1 as a subgroup not at the level of C2 to C6 classes. The primary intention was to study early stages of saphenous vein reflux.
The data reemphasized past reports that saphenofemoral junction reflux was relatively rare in this C1 and/or C2 subgroup studied. Prevalence of junction reflux at 5% and 18% respectively were comparable to 3% and 12% previously reported for C1 or C2 women. 2, 3 The supgroup in this analysis did not present what we named peri-junction reflux in the past, either a femoral to a non-great saphenous vein reflux with insufficient terminal valve, or a non-femoral to great saphenous reflux with normal terminal valve but refluxing preterminal valve.
A practical conclusion was that duplex ultrasonography of the superficial veins of the lower extremity should be considered even in women with telangiectasias. Another conclusion was that diameter measurements could still contribute to treatment type decision making since reflux may occur in either small or significantly dilated calf veins. Women studied herein may not have saphenous ablation; there is documentation that most common segmental reflux lose positioning to multisegment reflux as diseases progressed. 18 Diameters could provide useful data related to the effects of clinical/stocking treatment, possible elimination of reflux by vasoconstriction medications, and dosage of foam or sclerotherapy saphenous injections, for example. Paired-t test statistics emphasizes existing differences that may be uneventful in nor- Article mal clinical environment. The dilatations observed in the thigh segment of limbs with varicose veins, however, were notable and reportable rather easily in the duplex ultrasound examination performed by the most experienced sonographers. Actually, a small dilatation of the refluxing saphenous segment compared to the proximal normal saphenous segment can be useful to detect a location of reflux source associated with a tributary or a perforating vein (confer. Figure 3 in reference Engelhorn et al. 3 ). Modern practice has accepted duplex ultrasonography to evaluate chronic venous valvular insufficiency in patients with varicose veins and nagging symptomatology. The GSV has demanded specific attention. Evaluation for superficial vein reflux in women with telangiectasias has had continued debates. We have demonstrated that GSV reflux has a significant prevalence in women with telangiectasias that search medical attention. 2 This investigation further emphasized the presence of GSV reflux in the calf of such patients.
Actual differentiation between GSV compartmental and non-compartmental calf segments has yet to be fully implemented in our own diagnostic duplex examinations. In or out compartment locations were described for refluxing segments but not for normal segments. Anatomic, secondarily non-functional details could confuse most referring physicians in our practice. Presence of dual channels and pre-operative mapping has demanded additional anatomic details. Differentiations between GSV proper (still anterior arch for some) versus posterior accessory saphenous (the posterior arch eponym still acceptable) or other major tributaries were made if reflux were present; but again, details were abstained if these veins were not refluxing at the time of the examination. Nevertheless, peri-procedural mapping is recommendable.
The probability of detecting thigh or junction reflux was higher in legs with varicose veins than in legs with telangiectasias or reticular veins only. Such data presented herein suggested that simple varicose veins might represent a step forward in the deterioration of GSV in terms of reflux affecting the thigh and junction locations. Patient follow-up is recommended independent of the type of treatment. One objective would be to verify treatment efficacy or disease progression. 18 Another objective would be to accompany the contralateral extremity that could develop a reflux disorder in the future.
The lack of relationship between GSV diameter in the calf and reflux indicated that valvular insufficiency could have many causes yet to be precisely identified on a patient per patient basis. One simple hypothesis is valvular damage. Another genetic type hypothesis is that the refluxing vein has no valves or has working valves in ineffective locations. Advanced ultrasonography could relate the difference between venous retrograde filling and actual reflux by determining the characteristics of the vein draining the reflux away from the main GSV channel. The hypothesis of reflux in a vein with valves that can work under venoconstriction but not under venodilatation could still be considered and it needs to be tested appropriately. Nevertheless, normal extremities in the morning with reflux detected in the afternoon is a history that has been described often. This investigation made the hypothesis that the contralateral GSV was a standard for comparison, including venodilatation under the same conditions for both the non-refluxing and the refluxing vein. Duplex dual examinations in conditions of venoconstriction and venodilatation are still needed to follow the precision theory in investigative phlebology.
In summary, attention to GSV reflux in the calf and relative increases in GSV diameters at the thigh and junction is recommended when performing duplex ultrasonography in patients with early chronic venous valvular insufficiency represented by limbs with telangiectasias, reticular veins, or simple varicose veins (C1/C2) without edema, skin changes or ulcers (C3/C4/C5-6). This analysis further corroborates the hypotheses that saphenous reflux started at the weakest point of the vein, mostly in the leg, and that vein dilation could probably be associated with valvular insufficiency before valve damage. Further, specific research is needed to demonstrate the second statement. 
